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PURPOSE OF "CTUDY

To develop a satisfactory system, using a plug valve and two
thin plate orifices in a 3-inch pipe line, for :2ducing the pressure of
the vater before it enters the transformer cooling system; and thus
replace the present pressure-regulating valves which "hunt" and require
excessive sdjustment and maintenance.

CONCLUSIONS

1. The plug valve-orifice system in which two 2.086-inch-diameter,
square-edge, thin-plate orifices placed downstream cf & plug valve in a
3-inch pipe line (Figure 2A) will operate satisfactorily over a-discharge
range of 0.225 to 1.34 cfs for any upstream pressure when the differential
head across the system is 115 feet and the downstream pressure is not less
than 18 feet of water. :

2. With an upstream pressure of 153 feet and s variable head
differential across the system as shown on Figures LA and B, there is local
cavitation at discharges exceeding 0.75 cfs. The downstream or back pres-
sure is too low for the 153-foot upstream pressure. The minimum back
pressure needed to eliminate cavitation with this upstream pressure was
not determined in the test program.

3. The orifice spacing used in the tests did not affect the loss
through individual orifices. The loss through each was the same as for
an unobstructed single orifice in a line (Figure 5); thus, for a given
back pressure the plug valve must absorb changes in loss due to variations
in upstream pressure when a constant supply of cooling water is desired.




4, Operation of the system with the plug valve placed downstream
of the orifices as shown on Figure 2B, is unsatisfactory. Pressures at
the valve inlet are low for the upper discharge range and further reduc-
tion in pressure as the water passes through the valve causes cavitation
below the valve. The pressure curves shown on Figure kp for piezometers
7 and 8, although not indicating cavitation pressures at these points, are
very low. The cavitation evidenced in the tests was no doubt of a local
nature and in the vicinity of the low-pressure zone.

5. Regardless of whether the plug valve is upstream or downstream
of the orifices, the greater portion of the head loss across the plug
valve-orifice system occurs at the valve for the smaller discharges and
at the orifices for the larger discharges.

6. The admission of air into the subatmospheric pressure regions
will eliminate cavitation in either arrangement. However, too much air
causes pipe line vibration, which for some undetermined reason is more
severe in the system in which the valve is placed downstream of the
orifices.

T. Effective pressure reduction can be obtained for any head and
discharge by a plug valve-orifice system, but the arrangement, spacing,
number, and size of orifices are factors which must be given careful
consideration. 1In cases of constent discharge under constant head and a
constant head reduction, effective pressure reducing systems can be made
by using successive orifices alone in & pipe line.

8. Although the losses for plug valves will differ with different
makes they should not vary widely for the same stendard and should com-
pare closely with those obtained in these ‘tests.

RECOMMENDATIONS

1. Use the plug valve-orifice system, in which the valve is placed
upstream of the orifices as shown on Figure 2A, to reduce the pressure of
the transformer cooling water at Grand Coulee Dam.

2. The minimum spacing of the valve and orifices in the system
should be as shown on the figure.

3. Regulate the back pressure but not to exceed the safe working
pressure of the system rather than admit air to eliminate cavitation should
any be encountered during normal operation.




INTRODUCTION

Cooling water for the transformers at Grand Coulee Dam is
supplied through a pipe system originating at the turbine scroll case,.
Three-inch pressure-regulating valves have been used in these lines to
reduce the pressure to about 60 feet of water in the transformer cooling
tubes. The first valves installed were equipped with pilot controls.
Detail C (Figure 6) is typical. The pilot valves were too sensitive to
line pressure fluctuations, producing "hunting" or continual movement
of the operating mechanism of the pressure-regulating valves, causing
excessive wear and maintenance. In subsequsnt installations the pilot
valves were eliminated; Detail C (Figure 7) is typical. The "hunting"
was reduced but not eliminated so that excessive wear still occurred.

A total of 31 pressure-regulating valves were provided, including 15
emergency alternates.

The Hydraulic Machinery Division proposed using a plug valve
for regulation in conjunction with two thin-plate orifices to reduce the
pressure, simplify the system, and decrease maintenance. A test program
was initiated to study the two proposed pressure-reducing systems shown
on Figure 2. The program was planned to include the following parts:

a. With the orifices placed downstream from the plug valve,
study the head losses at a constant upstream pressure head of 185
feet of water, with a 115-foot constant head loss across the system,

and for a discharge range of 0.225 to 1.340 cubic feet per second.

b. The same arrangement as (a) except with variable head loss
across the system, and the back pressure as near atmospheric as
possible.

c. The same as (b) except admit air to the subatmospheric
pressure area behind the downstream orifice.

d. The same conditions as (b) and (c) except with the plug
valve installed downstream from the orifices.

THE INVESTIGATION

Desgcription of the Pressure Reducer Test Apparatus

The test apparatus consisted of & 3-inch plug valve and two
square-edge, thin-plate, 2.086-inch-diameter orifices contained in a
3-inch pipe line placed in the laboratory supply system. The two
arrangements of valve and orifices tested are shown on Figures 1 and 2.




The orifices were machined from 1/8-inch brass plate and inserted between
the flanges of sections of 3-inch pipe. The plug valve was a T5-pound
vater or gas, cast aluminum velve manufactured by Nordstrum, used pre-
viously in the laboratory. Pressure taps, or piezometers, vere placed
at specific locations along the horizontal centerline of the pipe as
shown on Figure 2. The upstream pressure on the pressure reducing appe-
ratus was controlled by gate valves in the laboratory supply system

while the back pressure or downstream pressure was controlled by & gate
valve in the dovnstream piping which emptied into the laboratory storage
channel. The water was supplied by two 12-inch centrifugal pumps oper-
ating in series and measured by an orifice venturi meter in the laboratory
supply systenm. .

A commerciasl gas meter was used 1o measure alr admitted to
low-pressure regions to eliminate cavitation. This meter was used after
the quantity of air was found to be toc small to permit a satisfactory
measurement by an orifice. However, the only meter available was too
large for accurate measurement of the small quantity and the quantities
recorded were therefore only approximate.

Plug Valve Located Upstream from the Two Orifices

The maximum pressure head from the two pumps was 153 feet of
water for the maximum specified discharge of 1.34 cfs through the system.
This 153-foot head was the basic inlet head used in the tests, which was
32 feet less than the 185 feet specified. A back pressure of 38 feet
wes maintained during the first test to give the specified constant head
loss of 115 feet across the system. The losses for the various components
of the system are shown on Figure 3A and the pressures on Figure 3B. It
is evident from Figure 3A that most of the loss occurs in the plug valve
at small discharges and in the orifices at high discharges. For example,
with 0.225 cfs discharge, the total loss for the orifices is 4 feet &and
the plug valve 111 feet; whereas, for a discharge of 1.34 cfs the loss
for the orifices is 108 feet, and the plug valve 7 feet, or a total of
115 feet of water in both cases. The pressure distribution curves on
Figure 3B show the pressures at several points along the system. The
location of the piezometers is shown on Figure 2A.

Figure 5 illustrates another method of showing the losses.
On Figure 5 the pressures at the piezometers are plotted in comparison
with theoretical curves for single orifices calculated from the informa-
tion given in Figure 12, Part 1, page 34, of the 1924 ASME report "Fluid
Meters." Only three typical curves are shown, becsuse with this method
a separate curve 1s required for each discharge.

The system operated satisfactorily during this test with no
evidence of cavitation, although moderate vibration occurred et discharges




of 1 cfs and greater. This vibration appeared to be the result of the
dissipation of the energy of the high-velocity Jjet of water in the pipe
downstream from the orifices.

The back pressure was reduced until cavitation started to occur
at the meximum discharge with a differential of 115 feet of water.  This
was done to determine the minimum back pressure for the system to function
properly with the 115-foot differential. This minimum safe back pressure
vas determined to be 18 feet of water for a discharge of 1.34k efs, which
reduced the inlet head from 153 to 134 feet of water. Head losses and
pressures are shown on Figures 3C and D. The losses for the valve and
orifices were the same as in the preceding test, and the pressures were
displaced by the difference of the inlet heads. The pressure at
piezometer P6 {one-half pipe diameter downstream of the downstream
orifice) with a discharge of 1.34 cfs was & minus 25 feet, which approached
the vapor pressure of weater. A reduction in pressure upstream from the
first orifice combined with a reduced discharge will permit even a lower
back pressure. No attempt was mede to determine the minimum back pressure
for each of the test discharges for the constant specified loss cf 115
feet. Satisfactory pressure conditions will exist in this pressure
reducing system for the specified head and head differential because the
pressure below the downstream orifice will rise as the back pressure is
increased. ' '

There are innumerable combinations of discharge, inlet pressures,
and back pressures that are safe, but for practical regulation, if the
system is operated at inlet and back pressures- that are safe for maximum
discharge, then no trouble will ocecur at lesser discharges. There is an
exception, however; at small discharges most of the loss is taken in the
valve. For these small discharges there can be a critical head on the
valve depending on degree of valve openings at which cavitation will occur
in the vealve. This condition is not expected for the system at Grand
Coulee unless there is continual operation at high head and at discharges
appreciably below the maximum, 1.34 cfs. If such is the case, smallier
orifices can be used to alleviate the high loss through the valve. An
interesting observation was made during the tests. Cavitation could not
be made to occur in the plug valve or immediately downstream with the
available head, at very small openings, beceuse of the high head losses
in sudden contractions and enlargements in the valve flow passage. The
water enters the valve through a sudden contraction at the plug, passes
into a sudden enlargement inside the plug, leaves the plug through a
sudden contraction, and enters & sudden enlargement into the pipe. This
permits & very large heed loss without obtaining cavitation pressure.

The results of & test with an inlet head of 153 feet of water
and the back pressure as near atmospheric as possible are shown in
Figures 4A and B. At all discharges less than 0.78 cfs, back pressure




was applied to keep the downstream piezometer openings under water. This
back pressure was maintained at a minimum of about 2 feet of water. The
loss through the orifices was the same as in the previous tests as rhown
on Figures 3A and C, with the plug valve absorbing any change in inlet
head. Cavitation was present downstream of the second orifice at dis-
charges from 0.78 to 1.34 cfs, although the pressure at piezometer P6
did not measure vapor pressure (Figure L4B); this indicated that the cavi-
tation occurred locally and the piezometer was not located correctly to
measure it. However, at the maximum discharge the pressure at piezometer
P6 does approach vapor pressure. Operation under these conditions was
unsatisfactory for discharges in excess of 0.78 cfs.

Sufficient air to just eliminate cavitation was supplied
immediately downstream from the siecond orifice. The amount was too small
to be accurately measured with available equipment, but was approximately
1 to 2 cubic feet of free air per minmute. An excess of air created a
severe vibration in the pipe line.

Plug Valve Located Downstream from the Two Orifices

An installation sketch of the plug valve located downstream
from the two orifices is shown in Figure 2B. The inlet head Pl was set
at 153 feet of water and the back pressure was maintained at atmospheric
for discharges less than 0.80 cfs to keep the downstream piezometers
under water. The loss-in-head curves (Figure U4C) are similar to the loss
when the plug valve is placed upstream of the orifices. Cavitation, now
occurring at the valve, is much more severe and is present in the range
of 0.50 to 1.34 cfs (Figure 4D). This cavitetion is local in the plug
valve because of the lower pressure gradient through the valve. Air
admission relieves the cavitation but the system vibrates severely.

Piezometer locations

The piezometer locations shown on Figures 2A end B were selected
where the minimum pressures and full recovery pressures were expected to
occur. These locations were satisfactory until cavitation developed.

Two conditions of cavitetion were encountered; local cavitation which
extends but a very short lineal distance below the obstruction causing
vapor pressure, and general cevitation where the cavitation envelope
surrounds the jet and extends downstream. With local cavitation the

vapor pressure occurs and recovers to a8 pressure greeter than vapor pres-
sure before reaching the piezometer location selected for the minimum
pressure; thus, the piezometer does not record the minimum pressure.

In cagses of general cavitation the envelope extends downstream & sufficient
distance to affect the pressure at the piezometer location selected for full
vecovery pressure, thus recording low, erronecus recovery pressures,




Installation Characteristics

The deta conteined in this rezort are valid only for an
installation such as shown on Figurc 2. It should be realized that the
losses in this study are for the particular plug valve, orifices, and
piezometric locations shown in Figure 2, and changes in the gize or loca-
tion of the orifices, or the type and location of regulating valve can
appreciably affect the losses.
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FIGURE 5
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